Immunotherapy with checkpoint inhibitors has revolutionized cancer therapy and is now the standard treatment for several different types of cancer, supported by favorable outcomes and good tolerance. However, it is linked to multiple immune manifestations, referred to as immune-related adverse events (irAEs). These adverse events frequently affect the skin, colon, endocrine glands, lungs, and liver. The gastrointestinal system is one of the most commonly affected organ systems and is responsible for the most frequent emergency visits resulting from irAEs. However, because immune checkpoint inhibitors are a recent addition to our arsenal of cancer drugs, many health-care providers remain unfamiliar with the management of irAEs. Gastroenterologists involved in the treatment of oncology patients who have received checkpoint inhibitors are currently encountering cases of abdominal pain, diarrhea, and other nonspecific symptoms that may be challenging to manage. This article reviews the gastrointestinal, hepatic, and pancreatic toxicities of checkpoint inhibitors and provides an approach to their diagnosis and recommended workup. It also highlights the management of irAEs according to their toxicity grading and specifically discusses the instances in which corticosteroids should be administered and/or the immune checkpoint inhibitors should be withheld.
Introduction
Immune checkpoint inhibitors (ICIs), including inhibitors of programmed cell death protein-1 (PD-1), its ligand (PD-L1), and cytotoxic T-lymphocyte-associated protein-4 (CTLA-4), are currently the fourth pillar of cancer treatment and are increasingly used in numerous cancer types as monotherapy or as an adjunct to chemotherapy, radiotherapy, and surgery. Immune-related adverse events (irAEs) are well described in the literature and can affect any organ system [1] . The skin and gastrointestinal tract are the most commonly affected systems. Gastrointestinal irAEs can involve the bowels, liver, or pancreas, or can present as nonspecific symptoms such as nausea, vomiting, and abdominal pain. In most cases, the symptoms are mild, self-resolving with or without discontinuation of ICIs, and require only close monitoring. In cases where the symptoms are moderate to severe, there could be significant morbidity and impairment of the nutritional and volume status that might require hospitalization and can affect the patient's eligibility to receive further cancer treatment [2] . 
Lower gastrointestinal toxicity
The most frequently seen gastrointestinal complications secondary to ICI therapy are diarrhea and colitis [3] . Both complications are more often seen secondary to therapy with CTLA-4 than PD-1 inhibitors [3] . The reported incidence of diarrhea and colitis in patients treated with ipilimumab, an anti-CTLA-4 antibody, is about 30% and 40%, respectively. In cases of colitis, mainly the descending colon is affected [4] . In some cases, enteritis without any colonic involvement can be seen, which may lead to small-bowel obstruction [4] .
The diagnostic workup and management depend on the severity of the symptoms (Figure 1 ). Gastrointestinal irAEs are classified into four grades of increasing severity.
In grade 1, diarrhea is mild, with up to four stools per day over baseline or mildly higher ostomy output from baseline [3, 4] . The diagnostic investigation at this stage includes only stool microscopy, culture, and sensitivity (MCS). It is essential to exclude infectious causes of diarrhea such as Clostridium difficile or other pathogens [4] . Mild diarrhea is managed symptomatically with electrolyte-replacement therapy, oral rehydration, and antidiarrheal drugs (e.g. loperamide) [3, 5] .
Grade 2 diarrhea is of moderate intensity, with four to six stools per day over baseline or a moderate increase in ostomy output [3, 4] . Stool MCS is the only diagnostic workup required at this stage [3] . The treatment of grade 2 diarrhea involves fluid-replacement therapy along with high-dose corticosteroids [3] . Management with corticosteroids, oral prednisolone (1 mg/ kg), or intravenous methylprednisolone (1 mg/kg per day) is usually needed if the diarrhea persists for longer than 5 days. Pharmacologic treatment is continued until symptoms improve and the patient's condition stabilizes [3] .
Grades 3 and 4 diarrhea are considered severe. They are defined as seven or more stools per day over baseline, along with fecal incontinence [3] . The patient may present with symptoms such as abdominal pain, rectal bleeding, and mucus in stool [3] . This stage of diarrhea can be life-threatening and may lead to bowel perforation [4] . The diagnostic workup includes stool MCS and colonoscopy; the latter is mainly indicated if colitis is suspected or if the symptoms of diarrhea persist despite corticosteroid treatment [3] . Endoscopy usually shows inflammatory changes-such as erythema, inflammatory exudates, granularity, loss of vascularity, and ulcerations-anywhere along the gastrointestinal tract. Even in the absence of gross changes, biopsies may show mixed inflammatory cell infiltrates in the lamina propria, neutrophilic cryptitis, crypt abscesses, and glandular destructions or erosions of the mucosal surface; these features sometimes overlap with endoscopic findings of inflammatory bowel disease [6, 7] . Of note, the degree of diarrhea is not associated with endoscopic findings. However, colonic ulcerations on endoscopy are predictive of steroidrefractory ICI-related colitis [8] . Fecal lactoferrin and fecal calprotectin can help differentiate between an infectious and an inflammatory etiology of the diarrhea/colitis, and can be used to monitor disease activity and response to treatment [9] . Grades 3 and 4 diarrhea require hospital admission and prompt initiation of fluid-replacement therapy. In severe diarrhea, corticosteroid treatment with methylprednisolone (1-2 mg/kg per day) should be administered intravenously until the patient's condition stabilizes [3, 5] . Immunosuppressive agents such as infliximab are indicated if no improvement is seen with intravenous methylprednisolone [2, 10] . Some case reports and case series of steroid-refractory grades 3 and 4 diarrhea describe the successful and safe use of budesonide, vedolizumab, or aminosalicylates such as mesalamine as second-line immunosuppressive therapy, as well as the use of fecal microbiota transplantation as a third-line therapy [8, 11] .
Upper gastrointestinal toxicity
Nonspecific upper gastrointestinal toxicity (GIT) can occur as an isolated presenting symptom, but more frequently coexists with lower GIT [1, 6] . The most frequent symptoms are nausea/ vomiting (36% of patients) [12] and abdominal pain (83%) [12] . Diagnosis can be challenging, given that patients on ICI therapy are often receiving concurrent cancer therapies, suffering from the cumulative effect of previous treatment lines, or having cancer progression-any of which can cause nausea and/or vomiting. Additionally, feeding-tube problems [13] in cancer patients receiving ICI therapy can be a symptom of nonspecific upper GIT. GIT has been observed to be more common after anti-CTLA-4 therapy than after anti-PD1 and anti-PD-L1 therapy [14, 15] . Patients receiving anti-PD-L1 agents have lower rates of nausea and vomiting than patients receiving other chemotherapeutics (odds ratio [OR] 0.293, 95% confidential interval [CI] 0.225-0.380 and OR 0.206, 95% CI 0.122-0.348, respectively) [1] . Rates of grades 3-4 nausea (0.7%), decreased appetite (0.6%), and vomiting (0.5%) were also lower in patients receiving anti-PD-L1 than in those receiving other chemotherapeutics; however, these observations were not statistically significant [1] . The involvement of limited areas of the GI tract such as the duodenum, stomach, ileum, or colon suggests an underlying immune mechanism directed toward epitopes specific to this location [6, 12] . Endoscopic examination can show gastritis, duodenitis (frequently without Helicobacter pylori infection), esophageal or gastric ulcers, ileitis, or enterocolitis [12, 16] . ICI-induced enterocolitis typically develops after 6-7 weeks of treatment [17, 18] . It can be serious enough to lead to hospitalization, perforation, or death in 5%, 1%, and 0.8% of patients, respectively, after ipilimumab-induced enterocolitis [17] . In one study, 5 of 25 patients with anti-CTLA-4-related enterocolitis were shown to have ileitis (3 had ulceration and 2 had erythema) on ileocolonoscopy [12] . The grading system for enterocolitis and colitis is based on the Common Toxicity Criteria for Adverse Events (CTCAE) [19] .
Furthermore, immune-induced pancreatitis [20] , hepatitis [21] , diabetic ketoacidosis [22] , and disease progression need to be considered in patients presenting with abdominal pain after ICI therapy.
Patients with bowel perforation [23, 24] as a complication of immune-related colitis [25] may also present with abdominal pain as the sole symptom. Other irAEs such as pericarditis/myocarditis [26, 27] , meningitis [28] , cerebellitis [29] , pancreatitis [20] , or hepatitis [21] can manifest as nausea, vomiting, or epigastric pain, and thus can mimic upper GIT.
ICI therapy was found to be associated with immunemediated enterocolitis through the initiation of a severe and extensive form of inflammatory bowel disease [12] . In fact, the tolerance to self-antigens was found to be severely compromised after ICI therapy due to the decrease in the production of inhibitory cytokines (e.g. interleukin-10 and tumor growth factor-b1) [6, 12, 30] . Such underlining pathology can be visualized on biopsy as chronic duodenitis, chronic gastritis with rare granulomas, loss of vascularity, ulcerations, and acute interstitial and crypt inflammation [1, 12, 16] . The unique ICI-induced immune modulation makes the serologic biomarker profile distinct from those of classic inflammatory bowel disease and graft-vs-host reactions [31, 32] . Interestingly, genetic polymorphism (especially the pathways involved in polyamine transport [33] and CTLA-4 allele polymorphisms [6, 16] ) and microbiome profile may increase the risk of GIT after ICI therapy [6, 32] . Microbiota maintains the balanced immune environment through stimulating T regulatory cells and antiinflammatory cytokines [6, 34] . Additionally, gut microbiota plays a role in the resolution of the immune-induced inflammatory bowel disease through promoting the synthesis of watersoluble B vitamins [6] .
Similar to the treatment of lower GIT, corticosteroid therapy may be needed to manage upper GIT, followed by infliximab for refractory cases [12] . Patients treated with anti-CTLA-4 agents should be advised to avoid NSAIDs [16] . On the other hand, steroids induce complete clinical remission in 37% of the patients with immune-mediated enterocolitis after anti-CTLA-4 therapy [12] .
Hepatitis
Immune-mediated hepatitis related to ICIs is an emerging entity [1] . The incidence of immune-related hepatotoxicity is wide-ranging in the literature and depends on the type of immunotherapy administered (anti-CTLA-4 or anti-PD-1/anti-PD-L1) and the sampled study population. In general, hepatotoxicity occurs in 2%-10% of patients treated with ICIs. Most cases are mild and resolve with discontinuation of therapy. Severe hepatic failure is less common but may occur weeks to months after immune therapy [1, 4, 35] . Concurrent treatment with nivolumab (anti-PD-1) and ipilimumab (anti-CTLA-4), even at standard doses, increases the risk of hepatotoxicity up to 37%, and to 15% for high-grade toxicity [1, 10, 36] . Liver-related laboratory abnormalities, especially of high grade, are also common when ICIs are given in combination with other agents such as vemurafenib.
ICI-induced liver injury presents classically as an asymptomatic elevation of alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST) on routine laboratory testing, with or without increased bilirubin or fever, 6-14 weeks after starting ICI treatment, although earlier or later adverse events may be seen [1, 24, 35, 36] . For that reason, liver-function tests should be included in the workup of patients presenting with fever during ICI treatment [35] . When symptomatic, immunemediated hepatotoxicity can be subtle or can mimic hepatitis or liver failure. These symptoms range from lack of appetite, dizziness, jaundice, nausea, and vomiting, to abdominal pain, dark urine, and excessive bleeding, or bruising [1] .
ICI-induced hepatotoxicity seems to be an immunemediated process because it carries histologic similarities to classic autoimmune hepatitis, according to a recent histology study by Zen et al. [37] . Typical findings on liver biopsy are lobular hepatitis and infiltrating CD3 þ or CD8 þ T lymphocytes, positively responding to corticosteroids [36, 37] . However, contrary to a usual immune-mediated phenomenon, there is a lack of serological autoimmune abnormalities such as antinuclear antibody and immunoglobulin G elevations. Furthermore, on immunostaining, there are rare CD20 þ or CD4 þ lymphocytes, also in contrast to classic autoimmune hepatitis findings and possibly explaining the less zone-selective hepatocyte necrosis that might not require the strong activation of helper T-cells and immunoglobulin production. This pattern of necrosis may also be explained by the fact that PD-1 and CTLA-4 are expressed by CD8 þ cytotoxic T lymphocytes. Therefore, the interaction between CD4 þ helper T-cells and B-cells may be activated less frequently in ICI-related liver injury than in autoimmune hepatitis [37, 38] . Liver enzymes are usually evaluated prior to immune therapy and before every cycle of treatment, with regular clinical evaluation for symptoms and signs of liver toxicity [1, 4, 36] .
The diagnosis of ICI-induced hepatotoxicity remains a process of exclusion, especially in the absence of specific biomarkers. Liver injury related to viral infections, alcohol and medications, or liver metastatic disease should be excluded [3, 4, 38] . If the clinical presentation is suggestive of autoimmune hepatitis, antinuclear antibodies, anti-smooth muscle antibodies, and anti-neutrophil cytoplasmic antibodies can be tested [1] . Imaging such as computed tomography or ultrasonography to assess for possible thromboembolic or obstructive etiology should be performed. Nonspecific findings such as hepatomegaly, edema, periportal lymphadenopathy, or attenuated liver parenchyma may be evident on imaging, according to disease severity [1] . In complicated or unclear cases, liver biopsy can be considered as a tool to confirm other etiologies of liver injury [4, 36] . However, initiation of therapy should not be delayed for serological or histologic workup [36] .
Grading of immune-related hepatitis depends mostly on the degree of elevation of ALT and AST and the presence of elevated levels of bilirubin. The grade guides management recommendations and algorithms (Figure 1 ).
Grade 1 is usually an asymptomatic elevation of AST or ALT less than three times the upper normal limit without a significant elevation in bilirubin value (<1.5 times the upper normal limit) [3] . Liver-enzyme tests should be repeated prior to each infusion and/or weekly. No treatment is recommended and immunotherapy can be continued as long as the patient remains asymptomatic.
Grade 2 is defined as an elevation of AST or ALT of more than three times the upper normal limit. It requires temporarily withholding ICIs and close monitoring of liver enzymes until they normalize, with subsequent weekly assessments. If no improvement of transaminitis is seen after 3-5 days, prednisone (0.5-1 mg/kg/day) should be considered. Special consideration to discontinue hepatotoxic drugs should be made [1, 3] . According to the National Comprehensive Cancer Network management guidelines, any significant transaminitis (>grade 1) with elevation of bilirubin to more than 1.5 times the upper normal limit should be managed aggressively.
Grade 3 hepatitis is defined as severe transaminitis with AST or ALT increased to more than five times the upper normal limit, whereas grade 4 is characterized by life-threatening transaminitis with AST or ALT increased to more than 20 times the upper normal limit. Grades 3 and 4 hepatotoxicity require permanent discontinuation of ICI, expedited initiation of corticosteroids (1-2 mg/kg per day of oral prednisone or intravenous methylprednisolone), and daily liver-enzyme testing. If no improvement of transaminitis is seen after 3-5 days, consideration of other immunosuppressants such as mycophenolate mofetil (500-1,000 mg twice daily) is advised. Because of the risk of idiosyncratic liver failure, infliximab-the gold-standard immunosuppressant in other ICI irAEs-is not indicated for immune-related hepatitis [39] . The use of other immunosuppressive therapies has been reported, such as anti-thymocyte globulin, tacrolimus, and, in extreme cases, plasma exchange [36, 40] . Although the optimal duration of corticosteroid use is uncertain, they are usually tapered over 4-6 weeks, with re-escalation if required.
Pancreatic toxicity
Pancreatic toxicity associated with ICI therapy is uncommon, occurring in <2% of patients, and usually presents as a transient asymptomatic increase in lipase or amylase [1, 41] . There is ambiguous evidence in the literature regarding the true incidence, clinical characteristics, and optimal management of ICIinduced pancreatic injury (ICIPI) [1, 41] . Because the significance of isolated elevated amylase and lipase levels is still vague [4, 38] , routine monitoring of pancreatic enzymes in asymptomatic patients is not recommended unless pancreatitis is suspected [1] . Acute pancreatitis is rare [1, 6, 41, 42] and patients may present with a typical pancreatitis picture or with isolated symptoms of nausea, vomiting, fever, epigastric pain, or diarrhea [41] . Diagnosing acute pancreatitis requires the presence of two of the following three criteria: epigastric pain, elevated serum lipase (at least three times the upper normal limit; Figure 1 ), and findings of acute pancreatitis on imaging [43] . Unlike autoimmune pancreatitis, immune-related pancreatitis is subacute and computed tomography may show only pancreatic edema. ICIPI may also manifest as chronic pancreatitis or exocrine or endocrine pancreatic insufficiency. Pancreatic exocrine insufficiency with or without pancreatitis may manifest as irregular stools with diarrhea, discoloration of feces, and weight loss despite good appetite. Scatoscopy showing decreased level of fecal elastase (<15 mg/g feces) is suggestive of pancreatic exocrine insufficiency and treatment requires oral pancreatic-enzyme replacement [44, 45] . Cases of new-onset diabetes that require lifelong therapy and diabetic ketoacidosis are well described in the literature, with a 1% incidence rate among patients treated with ICIs [44] [45] [46] [47] .
When it occurs, ICIPI may present earlier than other irAEs, especially in patients receiving anti-CTLA-4 therapy [2, 41] , and is usually treated conservatively with fluids and pain management [35, 42] . There is emerging evidence regarding the benefit of early (within 48 hours) aggressive intravenous hydration in patients with grade 3 or higher elevation in lipase, even in asymptomatic patients [41] . In the absence of symptoms, corticosteroids are not indicated, according to expert opinion [1, 41] . In symptomatic patients or in cases with severe elevation of pancreatic enzymes, workup for other etiologies of pancreatitis is warranted, including imaging. However, the decision to initiate steroids and to withhold or continue immunotherapy remains controversial and depends on the severity of the clinical picture and the degree of elevation of amylase and lipase. Therefore, the decision should only be made after discussion with the oncologist. Of note, corticosteroids and intravenous fluid use in ICIPI did not affect patients' short-term outcomes in terms of normalization of pancreatic enzymes, clinical improvement, or duration of hospital stay, according to the largest ICIPI case series, which was done by Abu-Sbeih et al. [41] . However, there were fewer long-term adverse outcomes in terms of chronic pancreatitis, new-onset diabetes, or recurrence of lipase elevation in patients who received aggressive intravenous hydration [41] . Smoking and hyperlipidemia were associated with worse outcomes [41] .
Future directions
Gastrointestinal toxicities are among the leading adverse events associated with ICI therapy. Upper and lower GIT, hepatitis, and pancreatitis frequently overlap and can be associated with other irAEs. irAEs most frequently lead to mild symptoms, not affecting cancer patients' nutritional status, intravascular volume status, or ability to receive further immunotherapy. However, when they are severe, irAEs need to be treated aggressively with corticosteroids or other immunosuppressants, with at least temporary discontinuation of ICI therapy. Several guidelines from expert opinion are being published as our understanding and experience with the management of irAEs is expanded. The most critical action remains high clinical suspicion and diagnosis of these adverse events, with routine testing in some cases in order to expedite their recognition and collaborative management.
